CGIAR STEWARDSHIP OF PLANT GENETIC RESOURCES AND THE NEED FOR INTERNATIONAL AGREEMENT
An important part of the mission of the Consultative Group on International Agricultural
Research (CGIAR) was to conserve genetic material of major staple crops in order to make it freely available for plant breeding. The first international agricultural centers dealing with ex situ conservation of staple crops 2 began in 1971, with the support of the Ford and Rockefeller
Foundations and their partners, to operate as the CGIAR (Frankel & Bennet, 1970; Frankel & Hawkes, 1975; and Holden & Williams, 1984) . In 1974, in response to widespread concern that many developing countries would lose their genetic resources and agricultural diversity because of genetic erosion, the CGIAR decided to establish a research center specifically focused on plant genetic resources: the International Board for Plant Genetic Resources (IBPGR), later the International Plant Genetic Resources Institute (IPGRI) and now, Bioversity International.
Over time, the CGIAR objectives were broadened to include making germplasm available for research and plant improvement to address problems of food security and productivity. In this context, the significance of the CGIAR collections is potentially enormous. The Centers hold approximately 700,000 accessions, which represent more than 10% of the six million accessions stored in over 1,300 genebanks around the world (FAO, 1996) . The collections cover 2,768 species belonging to 753 different genera The collections also contain a large amount of intraspecies diversity. The top ten crops, which account for 62% of the accessions, have an average of 42,910 accessions per species (Table 1) . Because of this intra-specific diversity, the collections represent a potentially rich resource base for future crop breeding.
[ Table 1 here]
In practice, CGIAR Centers have never attempted to exercise exclusive control over the genetic stocks in CGIAR genebanks. Rather, they supply genetic resource materials upon request to scientists, breeders, national institutes, and others. With the entry into force of the CBD in 1992 (Nairobi Final Act), countries could begin to exercise their national sovereignty by increasing restrictions on access to plant genetic resources.
The CBD, in fact, established a system governing all biodiversity, including ex situ collections of germplasm that most countries formally ratified, but it did not specifically address the CGIAR collections, thus leaving their status in doubt. The conflict between the well-established CGIAR practice and internal policy of making germplasm freely available and the emerging international policy framework establishing biodiversity as a sovereign resource raised questions about the legal status of the CGIAR collections. At the same time, biotechnologies were being developed that raised the possibility as never before of plant genetic resources being developed and managed as private rather than public goods.
POLICY-ORIENTED RESEARCH AND POLICY CHANGES
In order to respond to and inform the debate on the emerging issues related to plant genetic resources and the status of the CGIAR collections, Bioversity, acting in its capacity within the CGIAR to advance the conservation and use of plant genetic resources for the benefit of humanity, initiated three types of action:
1. Commissioning of research to examine the issue of control and ownership of the CGIAR collections, including a paper, published in 1992, that proposed that the concept of 'trusteeship' be applied to the CGIAR collections. International Treaty also confirmed the in-trust status of the collections . [ Figure 1 here]
The framework links inputs by Bioversity and other actors to outputs and eventual outcomes and impacts. The impact pathway serves as a framework first to predict and articulate the processes and factors expected to contribute to outcomes, in this case the policy change that was sought. The policy change was, in turn, necessary for securing access to and continued exchange of CGIAR germplasm. The framework then served as the basis for the assessment of inputs, outputs, outcomes, and impacts and the associated roles and contextual factors. Such models, often called 'logic models' or 'impact pathways', are used extensively in evaluations of government, non-profit organizations, and research programs (Rogers et al., 2000) .
The assessment relied heavily on qualitative data. In this study, qualitative data came from interviews, documents, and archival records. The information derived from the interviews is 'phenomenological' in that it clarifies the perceptions and experiences that people give to events (Bamberger et al., 2006) .
A type of purposeful sampling as compared to random sampling was used in selecting people to interview. A relatively small group of 'key informants' was identified based upon their indepth knowledge of the technical and policy issues arising throughout the complex negotiations that preceded the enactment of the ITAs. A key informant approach is not a sample taken at random from a large population with the aim of generalizing with confidence from the sample to the larger population. Rather, key informants are a limited population of individuals with significant breadth and depth of knowledge to speak informatively in detail about what happened and why (Jeminez, 1985; USAID, 1996) .
In order to give further structure to the key informant approach, a methodology was adopted from Arts and Verschoen (1999) that compares the perspectives from three different categories of informant: the ego perspective (in this case Bioversity staff), the alter perspective (people from other organizations involved in the ITA negotiations), and the researcher's own perspective gained through review of archival records and documents. The alter perspective included two types of respondent external to Bioversity who were knowledgeable about the events associated with the development of the ITAs: (1) organizations actively involved in the policy-making process at the time of the negotiations, and (2) organizations with no official and direct role in the negotiations, but with a good overall knowledge of events associated with the negotiations and subsequent debates on plant genetic resource conservation. The initial interviews identified individuals who were actively involved in the debates and negotiations and the main types of organizations involved in the negotiation process. Several people were selected to represent each perspective and then informants were asked to suggest other people to interview. An early reviewer of the paper also suggested additional informants.
A total of 16 key informants were interviewed, several on more than one occasion, as shown in Table 2 .
[ Table 2 here]
The topics explored in the interviews were established initially during the research planning stage and these were used to develop an interview protocol. However, as is appropriate in a semistructured interview, probing elicited further elaboration or verification, and new lines of inquiry were followed as they emerged. The initial topics included:
• The importance of the ITAs to germplasm conservation and use;
• The role of Bioversity and others in the debate on plant genetic resources;
• The exploration of what might have happened to plant genetic resource without the ITAs or Bioversity's involvement in the negotiations; and
• The extent to which the ITAs may have influenced other plant genetic resource policies.
Informants were assured that they would not be quoted by name to help ensure candid responses.
The information from the interviews was then cross-checked or 'triangulated' with evidence from documents and archival records to test the consistency of findings. Another important source of information was SINGER, which is the information exchange network and database of CGIAR germplasm collections. The types of data and the specific sources of information are shown in the following table:
[ Table 3 here]
THE ROLE OF BIOVERSITY IN ESTABLISHING THE ITAs
Bioversity's involvement in establishing a new legal foundation for the CGIAR collections was integral to its organizational mandate. Thus, unlike a project-oriented approach, there was no precise starting or ending date to the work or a specific budget allocation for its work related to the international plant genetic resource agreements. Also unlike a project, its contribution was made thanks to the efforts of personnel from across the organization, including the Director General and other high-level staff. Bioversity also took an active role in facilitating inter-institutional and inter-sectoral dialogue and linkages. According to its external review, Bioversity gained widespread respect and acceptance, even with NGOs highly critical of the CGIAR, through its involvement in the Keystone International Dialogue series on plant genetic resources in the years leading up to the ITA discussions (1988) (1989) (1990) (1991) . Later in 1993, Bioversity was actively involved in helping to organize the Crucible Group 4 meetings. Bioversity was a partner in the group and the Director General a member of its Management Committee. Bioversity remained fully involved in the second phase of the Crucible Group and participated in the discussions and report-writing.
Bioversity was present at most of the debates, having been mandated by the CGIAR to represent it on issues associated with genetic resources policy by virtue of its role as the convening center for the SGRP and the Genetic Resources Policy Committee (GRPC). This enabled Bioversity to play the leading role in terms of representing the CGIAR in the policy dialogue and also in terms of developing understanding and commitment among CGIAR Centers.
"Bioversity was definitely there in the thick of all the debates and they did bring rationality, expert knowledge and excellent negotiating skills to the tasks at hand. I would say that they had a large influence in hammering out an agreement that all the centers -those who held the actual germplasm-could live with and actively support."
Many organizations and individuals made important contributions to the policy-making process, and it is difficult to isolate the contributions of Bioversity from those of others. The
ITAs may well have been agreed upon in some form without Bioversity's participation because the need was widely recognized and leadership could have emerged from other quarters.
However, Bioversity may have helped to speed up the negotiations because it had spent years establishing trust with different parties through the various activities described above. Bioversity was described as an honest broker that was trusted by the diverse group of participants in what was otherwise a highly polarized debate. Some respondents linked the trust that Bioversity's enjoyed with its long-standing technical role in coordinating plant genetic resources regional and crop networks.
Bioversity's coordination of SINGER also contributed to trustful relations. All Centers participating in SINGER made information about the flows of germplasm into and out of CGIAR genebanks publicly and freely available. Using this data, Bioversity was able to explain effectively concepts such as interdependence of plant genetic resources. The fact that the information was freely available on the internet also helped create an overall greater transparency about CGIAR accessions and distribution, thus defusing speculation.
THE PERCEIVED INFLUENCE OF THE IN-TRUST AGREEMENTS
As described earlier, the legal status of the CGIAR genebanks came into question as a result of the CBD and other policy decisions. Although these decisions were largely outside of the realm of genetic resources and agricultural research, they had-or could have had-serious implications for agricultural resources used in research related to plant improvement and agricultural productivity. Because the CBD implied that germplasm would be considered a sovereign property of countries and made no provisions for germplasm held by international organizations such as the CGIAR, the very legal foundation upon which CGIAR germplasm rested was called into question. As described by those concerned, the situation was characterized by discord and political positioning related to CGIAR germplasm collections. One respondent put it this way:
"…there was a real possibility of acrimonious international demands for return of some collections, an increased effort by private companies to take out patents and claim rights over varieties and other forms of entanglements which could have been nightmarish."
Fear about privatization of germplasm were not unfounded. In 1985, the US extended patent protection to plants (Heisey et al., 2002) and most countries had adopted plant variety protection legislation by 1990. As shown in the table below and discussed by Falcon and Fowler (2002) , data from the US Patent and Trademark Office showed a sharp increase in patent applications and grants for genetic resources leading up to the CBD, a trend that continues today (Table 4) .
The ITAs were needed in order to guard against the privatization of the CGIAR germplasm and to help ensure that it remained a public good.
[ Table 4 here]
In the 1994 CGIAR Mid-Term Meeting in New Delhi, the World Bank, which was a founding member of the CGIAR, announced that it would forgive existing CGIAR debts, increase its grant to the CGIAR to US$40 million and offer to match new funds from other donors up to a total of US$60 million. There was speculation that this decision to provide increased financial support to the CGIAR Centers to avert a funding crisis was actually a maneuver to gain control over the 
"The NGOs want the second session of the Intergovernmental Committee of the

Convention on Biological Diversity to ensure that control over these germplasm collections stays with an intergovernmental body run on a one-nation one-vote system and that recognizes farmers' rights (Financial Times, June 1994)."
Without a clear legal status, participants in the plant genetic resource discussions contemplated several possible scenarios. One scenario had countries that had contributed germplasm to CGIAR collections demanding its return. Countries might also stipulate that distribution and use. Some participants also thought that countries hosting CGIAR Center genebanks might consider germplasm held in those genebanks as their sovereign property, since the material was physically located within their borders.
There was a concern that the consequence would be a 'drying up' of exchange of germplasm both into and out of the CGIAR Centers, and thus less germplasm available for critical research and plant breeding. This was reinforced by several interview respondents and in several policy documents and meeting reports arguing that an internationally accepted legal status was needed for the CGIAR collections in order to facilitate continued acquisition and distribution. Some Since the ITA was established, the CGIAR genebank system did not collapse, rather the freely. More than 1.6 million samples of seeds and plant materials from the in-trust collections have been distributed to researchers and plant breeders since 1994. Table 5 shows the major recipients of these accessions, 49% of which were distributed to national agricultural research systems and universities for research purposes. The majority of these have gone to developing countries .
[ Table 5 here]
In addition to direct contributions to the conservation and use of the CGIAR germplasm, the The value of the ITAs is ultimately related to the economic value derived from the use of accessions in plant improvement and the non-use values associated with conservation. Direct evidence of the economic value of an accession is very difficult to account for (Pearce & Moran 1994) . Furthermore, analytical approaches employing market-derived variables are intrinsically ineffective in capturing non-market value. An accession's marginal value can be estimated given enough resources (Pardey et al., 1999) but even then, the method generally underestimates the total value because accessions are often used more than once in subsequent breeding efforts at different times and in different places (Rubenstein et al., 2006) . An evaluation of the role of IRRI in improving rice cultivars estimated IRRI global economic impact to be in the order of US$1.9
billion over a 20-year period (Evenson & Gollin, 1997) . According to the same study, the present value of a single accession incorporated into a modern variety is estimated to be nearly US$50 million, and an estimated 1,000 cataloged accessions valued at around US$325 million. Thus, having contributed to maintaining the CGIAR collections as public goods, the ITAs undoubtedly helped to conserve a resource of significant value.
CONCLUSIONS
This study analyzed the impact of the In-Trust Agreements and the role of Bioversity
International in the negotiations to establish these agreements. The In-Trust Agreements, signed in 1994 between FAO and 12 CGIAR Centers, were the result of a lengthy negotiations process that aimed to provide a new legal framework (in the context of the uncertainty created by the CBD) for CGIAR germplasm conservation, acquisition, and distribution. Bioversity played a central role in these negotiations. In addition to conducting research to inform the policy-making process, Bioversity played a broader role that included facilitation of dialogue among diverse interests and stakeholders and analysis to translate complex scientific information for policy makers. Bioversity's inputs into the policy-making process were not constrained by strict projectdelimited timeframes and budgets. Rather, participation in the agreement negotiation process was a core activity of the organization that developed over many years as the policy debate evolved, In the present-day policy environment, food security continues to be of concern. New challenges such as climate change, political instability and security, food prices, and others have emerged in the contemporary policy environment. Thus the value of the CGIAR collections, presumed even in the mid-1990's to be very high, is likely to be even greater today. The authors would encourage additional investments in further research into the value of the CGIAR collections and in policy research that informs decisions about how the policy environment can be further developed to promote sustained conservation and enhanced use of these resources. 4. The Crucible Group was comprised of 28 individuals, including representatives of grassroots organizations, agricultural researchers, intellectual property specialists, trade negotiators, and agricultural policy analysts from South and North. They met to discuss the issue of the intellectual property protection of plant genetic resources. The Group aimed to bring together individuals with widely differing views to produce a report in which consensus views were expressed when possible, but on issues where the participants did not agree, could provide an opportunity for each "side" in the debate to put forward their best arguments-sharpened as a result of the discussions-with a view to letting the readers of the report decide for themselves. Barton, J. (1992) . The implications of applying the legal conceopt of trust to germplasm collections at CGIAR research centres. Diversity Figure 1 : Bioversity International Conceptual framework
